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EXPERIMENTAL STUDIES OF THE EFFECT OF MOISTURE 
ON STRENGTH OF MINE ROOF-SHALES 
BY 
ROLF W. ROLEY 
1. 
The mining and production of coal by underground mining opera-
tions has long been recognized as one of this nation's most hazardous 
industries. Tabulated data from the State of Illinois, for example, 
reveal that in that State between 1882 and 1945 there have been 
7,789 men killed in coal mining accidents or one form or another.(l) 
(l) Coal Reports, State of Illinois Department of M1nes and 
Minerals, 1882 to 1945, Inclusive. 
Further inspection of the data indicates that 3,711 of these men were 
killed underground by falls of roof or rock. This amounts to 47.64 
per cent or all mining accidents above and below ground and includes 
coal stripping operations. 
The following table assembles these data into three periods. 
1. A period or beginning, when total State production was less 
than 15,000,000 tons of coal annually, 1882-1890. 
2. A period or stability, when mining methods remained essen-
tially unchanged, 1891-1930. 
3· A period or mechanization, beginning in 1930, when 50 per 
cent of total State production was mechanically produced, 
1931-1945. 
2. 
Group Years Total By fo By Tons Tons/ Tons/fall 
Killed Falls Falls Mined Death Death 
1 1882-1890 502 270 53.8 95,134,164 215,094 362,630 
2 1891-1930 5,975 2,759 46.1 1,946,607,124 328,225 684,899 
3 1931-1945 1.312 682 52.0 795.429.331 614,784 1,174.464 
Tatal.-1882-1945 7,789 3,711 47.64 2,837,170,619 362,291 765,515 
TABLE I 
MINE FATALITIES IN n.LINOIS(2) 
(2) Ibid. 
Although the above tabulation reveals a considerable decrease in 
fatal mining accidents during the last period, from 1931 to 1945, it 
does not bring out the fact that much of the improvement is a result 
of migration of mining operations, that is, a shift from areas where 
bad mining conditions are known to exist, to areas where conditions 
are better.(3) Mining operations carried on under bad-top condi-
(3) Roley, R. w. Certain Geological Conditions That Cause Coal 
Mining Fatalities. Ill. State Geol. Survey, Circ. No. 138. 
tions are not only more hazardous, they are also more expensive. 
While it may be impossible to determine the relative ~portance of the 
saf.ety factor in bringing about the above mentioned migration, the effect 
is that of a gradual concentration of mining in good areas. Further-
more, while the statistical record of accidents shows an tmprovement 
that is reflected in figures based upon tonnage, the same figures 
based upon hours of exposure to hazard do not indicate any appre-
ciable gain or improvament.(4 ) 
(4) Hartman, Irving & Greenwald, H. P. Effect of Changes in 
Moisture and T~perature on Mine Roof. R.I. #3588, 1941. 
The practicable understanding of the factors determining roof-
control are extremely limited, and the normal procedure in select-
ing control measures is largely a matter of expediency. 
Many theories have been developed to explain why roof failures 
occur. Experience indicates that not one is applicable to all cases, 
and they are all greatly limited in their application by variations 
in mine roof-material and in changes in response by various mater-
ials to changes in their chemical and physical surroundings. 
Specific examples of investigation can be cited from many 
sources. Only a few, however, warrant specific mention. Bucky and 
Solakian's centrifuge(5) and F. D. Adams' use of hollow cylinders(6) 
(5) Bucky, P. B., Solakian, A. G. & Baldin, L. S. Centrifugal 
Method of Testing ~dels. Civil Eng., May 1935. 
(6) Adams, F. D. & Coker, E. G. An Investigation into the Elastic 
Constants of Rocks, More Expecially with Reference to Cubic 
Compressibility. Carnegie Inst. of Washing. No. 46, 1906. 
4. 
are examples of laboratory methods employed by investigators for 
studying the effects of various types of high pressures and further, 
for studying the effects of these pressures upon the physical proper-
ties or materials. 
Photoelastics(7) also have been applied to the general field of 
(7) Mindlin, R. D., Review of the Photoelastic Method of Stress 
Analysis. Jour. of Applied Physics. April, May 1939, 225, 
229. 
Barodynamics and other methods of study to such a degree that it has 
been possible to study extremely advanced types or mine stresses. 
It also has been shown by various British investigators that 
Young's Modulus, the Modulus of Rigidity and the Mod~lus of Compress-
ibility,(8) when these are determined from values of longitudinal 
(8) Roberts, A. A Review of the Problem of Strata Control in 
Board and Pillar Workings. The Colliery Guardian, Vol. 170 
Jan. June 1945, PP• 631, 663, 697. 
pressure and lateral extension at different pressures indicate a 
decrease in the elastic properties of rock as external pressure is 
increased. They also indicate that with the exception of coal, 
Poisson's Number (reciprocal of Poisson's ratio) decreases at a 
rapid rate as depth is increased.(9) Therefore, it can be seen that 
(9) Ibid. 
in studies pertaining to roof-control, the problem not only involves 
higher stress concentrations as depth increases, but also, a decrease 
in the elastic properties of the rock materials themselves. 
These examples are representative of some of the scientific 
work that has been conducted by many individuals and agencies toward 
the solution of the roof-control problem in mining. A continued 
and ever expanding amount ot effort is presently being conducted 
toward the solution of the roof-control probl~. However, it is 
believed that the general problem of roof-control is so involved and 
research has only reached the point where explanatory theories about 
roof conditions have been advanced. For this reason, the satisfactory 
solution to specific roof-control problams have been exceedingly rare. 
The failure of such solution results from formulating conclusions from 
research of this type which results in erroneous ideas developed as a 
result of improper generalization. Those familiar with coal mining 
methods are well acquainted with the fact that even standardized 
timbering methods carried out by the same workmen in adjacent and 
apparently simil~r working places do not produce the same results. It 
must be admitted that generalization has little or no application in 
the solution of specific roof-control problems. 
It is generally recognized throughout the coal-mining industry 
that the spring and summer months are times of bad roof-falls and that 
such falls occur even in narrow headings in areas that are normally 
6. 
assumed to have reasonably sound roof.{lOJ The fact that roo£ falls 
(10) Hartman and Greenwald, op. cit., P• 3. 
are unusually common in the spring and summer is frequently attri-
buted to deposition or moisture from air ventilation currents when 
the outside air is warmer than the mine air.(ll) The U. s. Bureau 
{11) Ibid. 
of Mines has undertaken several studies to determine some of the 
features that might contribute to such a condition, assuming that the 
basic cause is moisture in same form. Hartman and Greenwald(l2) began 
(12) Ibid. 
studies"to determine the relative importance of humidity and tempera-
ture changes on the expansion and contraction of mine roof-rock samples; 
to determine the stresses that might result from such expansions and 
contractions and to correlate this information with the physical proper-
ties of the rocks •••• " These studies have been partially reported and 
reference to them has been of value in undertaking this work. 
Alter a careful study or their report, it becomes apparent that 
the behavior of rock materials, particularly shales, when exposed to 
varied conditions of moisture is a matter suitable for further inves-
tigation. Hartman and Greenwa1d(l3) noted the need for comparing the 
7· 
(13) Ibid. 
physical properties of a great number of rock materials in order 
to evaluate their respective reactions to changes in moisture condi-
tions. However, they recommend that the expansion characteristics 
of the material be used as the basic property for comparison. Whereas 
this method is thought to be entirely satisfactory, it is believed 
that some of the other physical characteristics which change with 
changing moisture conditions, would be more easily measured and would 
be indicativa of the material characteristics. For this reason this 
study was undertaken to determine how an easily measured characteris-
tic of roof-shales varies after continuous exposure for certain periods 
to varying conditions of moisture, the characteristic to be measured 
being that of resistance to breakage by bending. It was recognized 
that shales are not isotropic nor elastic materials even though there 
is some indication that within certain limits some elastic character-
istics are to be expected. 
It was believed that by breaking a sufficient number of specimens, 
previously cured under various conditions of moisture, an Index of 
Transverse Breakage could be determined that might provide an easily 
measured characteristic for the comparison of various materials. This 
exper~ent was designed to measure this characteristic. The values to 
be used for comparison ware determined by uniformly loading to failure 
controlled-size specimens in sufficient numbers to give an arithmetical 
average at the condition of test with an accuracy of about one per cent. 
8. 
The test machine ultimately designed tor this experiment is a 
hydraulic pump attached to a tank that is covered with a rubber 
diaphragm so that when a specimen is placed on the diaphragm and 
clamped in place, conditions or uniformly distributed loading can 
be developed by pump action. The machine has a recording gauge and 
pressures of 200 pounds per square inch can be satisfactorily pro-
duced. See Figures l and 2. 
The size of test specimen was determined by trial-and-error 
methods, the principal specification being that it could be cut from 
a 2-inch diamond drill core. The span or the test besm is 1 l/4 
inches and the specimens are cut to a length of 1 5/8 inches thereby 
giving a 3/16-inch bearing at each end. 
The other dimensions of the test specimens were determined 
approximately by the arbitrary selection of ratios of about l/2 for 
width and 1/8 for thickness. The size ultimately determined is 
exactly 1 5/8 inches long, 9/16 inch wide and 5/32 inch thick. A 
specimen or this size has proved to be satisfactory and no change in 
specimen size for future study is contemplated. 
The problem or sample control and selection was solved in the 
following manners 
A large piece of fine-grained apparently homogenous grey shale 
was cut into specimens and broken in increments of 1 to 15 specimen 
groups. It was determined experimentally that groups or less than 10 
specimens in number could not be depended upon to give reasonably 
uniform results, while those made up with more than 10 samples gave 
almost constant results (within 1%). It was therefore decided to use 
Fig. 1.--View of test machine showing pump on 
left and breakage cylinder and stage on right. 
Fig. 2.--Cloae up of stage showing slot 
spec~ens are clamped for breaking. 
10. 
10 samples to each determination. This allowed the preparation or 
the smallest number of samples to give reasonable accurate results. 
See Table II. 
The test was made by storing all samples to be broken under the 
same conditions in order to determine machine and experimental error 
as well as sample variation. In this way, variations of exper~ental 
results could all be attributed to changes in moisture rather than 
experimental error. 
The mine selected for sampling in this experiment was one located 
relatively near the laboratory. The roof rock was a uniform grey 
siltstone that is predominantly illite.<14 ) (See Figure 3.) 
(14) Personal communication from Dr. R. E. Gr~ of the Illinois 
State Geological Survey. Illite is represented by the 
Formula (OH4 ) Ky (Al4.Fe4.Mg4. Mg6) (Si(8-y)•Aly) 020• 
Number of Average Unit Cumulative Cumulative Cumulative 
Samples Break Total Total Samples Average 
Broken psi psi psi 
1 29.0 29.0 29.0 l 29.0 
2 37.0 74.0 103.0 3 34.3 
3 21.6 65.0 168.0 6 . 28.0 
4 36.5 146.0 314.0 10 31.4 
5 32.7 150.5 464.5 15 30-9 
6 30.2 181.2 645.7 21 30.7 
7 30.9 216.3 862.0 28 30-7 
8 31.7 253.6 1115.6 36 31.0 
9 31.0 279.0 1394.6 45 31.0 
10 31.3 313.0 1707.6 55 31.0 
11 31.5 346.5 2054.1 66 31.1 
12 31.2 374.4 2428.5 78 31.1 
13 31.4 408.2 2836.7 91 31.1 
14 31.0 434.0 3270.7 105 31.1 
15 31-5 472.5 3743.2 120 31.2 
TABLE II 
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As previously stated, this exper~ent was designed to determine 
whether or not any appreciable change in strength as measured by 
Transverse Breakage would result from moisture changes in mine 
atmospheres; therefore, after the sample specimen groups were pre-
pared, they were placed under during conditions in these types of 
environment for curing: 
1. Under conditions of curing at room temperature exposed 
to normal air. 
2. Under conditions of curing at room temperatures in 
a confined atmosphere exposed to Calcium Chloride 
desiccant. 
3· Under conditions of curing at room temperatures in 
a confined atmosphere under condition of 100 per cent 
humidity. 
Speed in sampling and preparing laboratory test specimens was 
given first consideration in order to reduce to a minimum any changes 
that might take place before the test material could be placed under 
controlled conditions. The mine was sampled at llaOO A.M. on the 
morning of September 23, 1947. By 7a00 P.M. of the same day the basic 
moisture condition of the test material and of the mine air were deter-
mined and by September 25, 1947, all samples (760) had been prepared 
and placed in their respective curing atmospheres. Between the time of 
mine sampling and sample preparation, the samples were stored under 
conditions similar to those under which they would be cured. 
Initial moisture of the mine samples 8 hours after removal from 
the mine was 2.85 per cent. The maximum moisture obtained was 4.23 per 
cent in sample group 342-351 which also resulted in the lowest 
strength value. The lowest moisture obtained was 1.59 per cent in 
sample group 262-271 which was the second highest strength group 
tested. 
Figure 4 is a chart showing the results of the first 40 days 
breakage test under conditions as outlined in this paper. The top 
curve of the three center curves represents results obtained from 
samples subjected to conditions of desiccator-drying over calcium 
chloride in a confined atmosphere. The middle curve of the three 
center curves represents results from normal room-temperature air-
drying conditions in an unconfined atmosphere. The bottom curve of 
the three center curves represents results from samples used over 
distilled water at room t6mperature in a confined atmosphere. See 
Appendix B for the tabulated data. 
Although it is evident that the character of the curves are 
generally the same throughout, an anomaly exists in the desiccator 
and air-drying cure conditions between an age period of 13 and 18 days, 
and in all three curves between thirty-two and thirty-seven days. 
These two anomalies occurred at times either during or immediately 
following periods of heavy rain and general high humidity. This sub-
stantiates the idea that moisture is extremely important in controlling 
the actual strength of this mine roof-material. The test was actually 
extended in excess of sixty days but the later values are not shown on 
the charts. Beyond forty days there was no noticeable change in the 
results obtained on any of the three samples. The curves became para-
llel lines with approximately the same spacing as that observed during 
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the period of 20 to 30 days of test. It is interesting to note that 
this interval was approximately established in the case of the two 
top curves at 14 days, and the rate-of-change on the water-curing 
curve was established within six days after the time of sampling in 
the mine. 
It is actually believed that the higher strengths indicated 
from t~e high-humidity cured material during the first few days of 
curing represent drying that took place in the sample within the 
first eight hours after sampling, and that .if it had been possible 
to perform this test underground at no time would the mine roof-material 
strength ever have exceeded 20 pounds per square inch for breaking 
load unless it had 'been exposed to drying conditions and in all pro-
bability the condition in the mine would be represented by the last 
twenty days, or perhaps even twenty-five days, of this test as indi-
cated by the curve showing results of high humidity storage. 
The change in air-drying conditions at roam temperature, compared 
to the changes in outside average temperature and the outside relative 
humidity is also plotted on Figure 4. It can be observed that every 
time there is a change in the relative humidity, there is a corres-
ponding change in breaking strength as plotted on the air drying curve. 
For examplea In the period previously mentioned, between 13 and 18 
days, a low breaking strength immediately followed a high breaking 
strength and on the relative humidity curve it can be seen that a high 
humidity immediately preceded the high break. There is apparently a 
lag of 1 to 2 days on the influencing time involved in precipating 
some of these changes in the strength of materials, and it can be seen 
that a high humidity apparently weakens the sample faster than 
does a low humidity increase the strength of the material. This 
may be caused by the material itself being somewhat deliquescent 
·since it also requires a greater period of time to dry than is 
required to take on moisture. 
An anomaly in strength was to be expected in the 25-day group 
also; however, no great change in the moisture content of the test 
material itse~f was detected at this time even though an increase 
in outside humidity is noted. It is believed that this discrepancy 
. results from the fact that the changes in outside humidity were so 
rapid that the effects could not be reflected under the condition 
of test. It has been previously noted that reflection of weakness 
does not follow its cause immediately but sometimes requires as 
much as two days to precipitate a measurable result. 
A period of changing conditions also exist at a period between 
32 and 37 days when a steady increase in humidity resulted in a 
16. 
large rainfall and correspondingly weakened the desiccator-cured 
material as well as the air-cured ·material. The material was effected 
slightly before the rainfall and greatly influenced at a time exactly 
corresponding to the peak of the relative humidity. It is apparent, 
therefore, that it was not the precipitation but the maintenance or 
high humidity that weakened the material. The mean temperature curve 
is included for incidental interest only, and so far, no correlation 
has been round that would indicate that the temperature . or the 
Fig. s.--Typical broken spectmen forms. 
mine-roof or change in temperature of the mine-roof in the atmoe-
pheree confining the mine root have any ettect upon the relatiYe 
strengths of the root-materials. This result is substantially sup-
ported by the results ot the studies by Hartman and Greeuwald.(lS) 
(15) BartJDan aDd Greenwa1d, P• cit., P• 3· 
17. 
18. 
When it is considered that the desiccator-cured material 
actually attains a strength of six to seven times that attained 
under conditions of 100 per cent humidity curing, it is apparent 
that the reduction of moisture in mine atmospheres offers a 
possible method to the mining industry for solving, or at least 
alleviating, some of its roof-control problems. 
It should be noted that the air-cured material never reaches 
the strength of the desiccator-cured material and it must be con-
eluded that the difference in the ultimate strengths attained under 
these two medias actually is an indirect measure of what may be the 
desiccating power of the roof-shale itself. In other words, it 
would seem that it may not be sufficient to s~ply ventilate mines 
with reasonably dry air. It may be necessary to ventilate mines with 
-
air in the presence or a desiccating material that has a higher desi-
ccating power than the mine-roo£ material itself. The exact nature 
of the desiccating power of these roof shales is not known. 
In addition to the principal investigation outlined herein, two 
minor separate studies were conducted. The first such study was made 
to determine whether or not the moisture taken u.p by the sample was 
a function of simple surface area. This study was conducted by plac-
ing uncrushed and unbroken samples of approximately 1, 2, 3, 4, and 
5 grams weight under curing conditions over distilled water in a con-
fined atmosphere. One gram samples were also used of closely sized 
material, -10 I 20, -20 I 60, -60 f 200 and -200 mesh ·1n size. The 
results were tabulated or cal.cula-ted and a definite correlation could 
be seen between the surface area and the amount or moisture taken up. 
As the time of exposure increased, all of the samples finally 
arrived at point of stabi1ity under confined conditions and the 
percentage (by weight) of moisture increase was a~ost the SWDe 
for the entire sample group. The .point was reached sixty days 
after the test started. The finely divided material became 
stable within fifteen days. See Appendix c. 
19. 
The second study was made to determine whether or not the 
material. gained and lost moisture at the same rate or speed. The 
test was conducted by placing 100 specimens under conditions of 
curing over distilled water in a confined atmosphere and also 100 
specimens over calcium chloride in a confiDed atmosphere. The two 
groups were stored tor approximately 120 days in this manner and 
then strength determinations were made on each group and their con-
dition of curing was reversed. It was observed that it required 50 
days tor the vapor-cured materia1 to return to a strength equal to 
that at the date o~ its eJrtrance to the vapor bath. Less than 20 
days were needed for the desiccator-cured material to lose the strength 
gained by dry-curing. See Appendix D. 
COBCLUSIOIIS1 
Aa the result ot the study reported herein it can be concluded 
that a 
1. Certain root-shales are greatly effected by moisture when 
exposed to atmospheres haviDg a high relative dity aDd a high 
relative humidity results iD a weakened aaterial. Evidence an be 
detected that indicates that these saJDe shales are s what desiccatiDg. 
2. Free water is apparently not as important in weakening 
shales as is water vapor. 
3· The possibility of determining an index of roof classi-
fication by this method is excellent, but a complete cataloguing 
20. 
of roof shales by this method may not be the only requirement in 
such a general classification since it will be necessary to determine 
whether or not moisture is the greatest influencing factor contri-
buting to roof-f'allure. 
4. In comparison to other methods of study,· the syst.em out-
1ined herein is rather speedy and it is believed that typical 
materials could be investigated and classified within the period 
of a few years, tht.t~ making possible a greater understanding of the 
improvement pos~ibilities ot present methods of root-control. 
5. These days suggest that strength lest in these materials 
by the addition ot water is not regained as rapidly as it is lost; 
and, therefore, it seems probable that a few hours of exposure of' 
certain roof shales to conditions of high humidity may result in a 
lower strength for many days. 
6." No correlation between temperature and streDgth between the 
limits of normal temperature fluctuations can be detected. 
SUIOIARY 
In recapitulation it should be pointed out that this study has 
detiDitely established that certain root-shales are tr endously 
effected by varyiDg conditions in the moisture content of the air 
surrounding the materials. It has been shown that certain shales, 
when exposed to atmospheres having a high relative humidity, are 
greatly and rapidly weakened by picking up moisture from their en-
closing atmospheres. Some evidence is gained to show that when 
these s~e shales, after having been weakened, are re-exposed to 
drying atmospheres 'heir strength is appreciably increased. T.he 
moisture causing this ef'f'ect apparently must be in the f'orm ot 
water vapor rather than water. Further, the possibility ot using 
this type of test for determining a.n index or roof classification 
21. 
is excel1ent. It is believed, however, that a complete cata1oguing 
of' root-shales, by this method, ·may not be the only requirement in a 
general roof classification. 
It will be nece.ssary., increasingly so as additional in£ormation 
is collected, to deter.mine whether or not moisture is the greatest 
int~uencing factor contributing to the fai1ure ot the· root materials. 
When this method of test is compared to other ethods in co on use 
at the presezrt time, it is believed that a great allOWl't of tiae and 
ef'f'ort can be saved by utiliziDg the syst outlined herein. It is 
further believed that typical. materials can be investigated and classi-
fied within a relatively short time, probably lese than 5 years, thus 
making possible a greater understanding of roo:t-coDtrol probl with 
the hope of' ±mproving present methods and materials iD roof-control. 
The data attached hereto suggest that the addition of water to 
s e roof materials causes a loss in strength that is ot regained as 
rapidly as it ie :Lost; and it a1eo se probab1e that a ~ew hours or 
exposure or these roof materials, der conditioDS o~ high humidity, 
may result in a :Lower strength for 7 days. 
APPENDIX A 
THERMAL ANALYSIS 
Datea May 22, 1947 
Name and description of sample: Blue Lake Coa1 Company, 
at bottom of D1 Caprock. 
Weight of dish: 29 
Weight of dish and sample: 18.837 
Weight et dish and residual sample: 18.099 
Weight of sample in furnace: 0. 738 
Furnaces No. 2 
Resistance: 200 ohms 
Recording made at: 
oc u Remarks 
(1) 100 0.643 Typical grey shal over 
· #1 Coal in Danville Area. 
(2) 200 1.43 Essentially Illite. 
(3) 400 3.25 




TEST RESULTS UNDER THREE CONDITIONS OF CURE 
D1te of Sam12le Load at Age Moisture Remarks 
Test Number Rupture Days 
9-23-47 1-10 33.0 0* As received 
9-23-47 11 Used for moisture 2.85 Shows 2.85fc_H2o 8 hrs. 
check. after sampling 
9-25-47 12-21 64.8 2 2.65 Desiccator Dry 
9-25-47 22-31 28.5 2 2.93 lOofo Humidity 
9-27-47 32-41 43.2 4 2.71 Air Dr.ied 
9-27-47 42-51 48.2 4 2.54 Desiccator Dried 
9-27-47 52-61 20.4 4 3.00 10ofo Humidity 
9-29-47 62-71 48.2 6 2.53 Air Dried 
9-29-47 72-81 55.8 6 2.30 Desiccator Dried 
9-29-47 82-91 19.6 6 3·32 10a{o Humidity 
1o-6-47 92-101 45.1 13 2.60 Air Dried 
10-6-47 102-111 16.5 13 3.41 lOa% Humidity 
10-6-47 112-121 69.4 13 2.01 Desiccator Dried 
lo-7-47 122-131 51-5 14 2.50 Air Dried 
10-8-47 132-141 39·3 15 2.67 Air Dried 
10-8-47 142-151 14.9 15 3·53 10(Jjt Humidity 
10-8-47 152-161 65.6 15 2.13 Desiccator Dried 
10-9-47 162-171 46.0 16 2.63 Air Dried 
lQ-11-47 172-181 44.1. 18 2.73 Air Dried 
1Q-11-47 182-191 10.8 18 2.09 Desiccator Dried 
* Represents sample after 8 hours limited drying. 
24. 
APPENDIX B (Continued) 
Dg.te of Sam;e1e Load at 
.I:&! Moistur1 Remarks 
II!! Number Rupture ~ 
10-11-47 192-201 14.0 18 3.70 10CYfo Humidity 
10-15-47 202-2ll 44.3 22 2.75 Air Dried 
10-15-47 212-221 14.3 22 3-91 100'j! Humidity 
10-15-47 222-231 83.2 22 1.86 Desiccator Dried 
lQ-18-47 232-241 46.0 25 2.70 Air Dried 
1o-21-47 242-251 ,5'1.4 28 2.62 Air Dried 
10-21-47 252-261 12.0 28 4.00 lOa;! Humidity 
1Q-21-47 262-271 76.6 28 1-59 Desiccator Dried 
lQ-25-47 272-281 51.0 32 2.69 Air Dried 
lQ-2.5'-47 282-291 10.4 32 4.00 lO<J% Humidity 
1Q-2.5'-47 292-301 75.4 32 1.64 Desiccator Dried 
lQ-27-4'1 302-311 28.2 34 2.69 Air Dried 
1Q-27-4'1 312-321 12.5 34 4.10 1~ Humidity 
lo-27-47 322-331 59.8 34 1.89 Desiccator Dried 
lo-30-4'/ 332-341 52.8 3'1 2.69 .Air Dried 
lo-3o-47 342-351 10.4 3'1 4.23 10o;( Humidity 
1o-3o-4? 352-361 '14.2 3'1 1.71 Desiccator Dried 
ll-3-4'1 362-371 12.8 40 4.21 loot Humidity 
11-3-4'1 372-381 '10.6 40 1.79 Desiccator Dried 
11-3-4'1 382-391 52.9 40 2.'11 Air Dried 
APPENDIX C 
T.B:ST TO DETERMINE RELATIONSHIP BETWEEN 
140ISTURE ABSORPTION AND SURFACE AREA 
Sample Size Sample Weight % MOisture After Days Storage 
i !Q ll 20 .lQ 40 lQ 60 1Q 80 
- - - -
A (Solid piece) 5.103 2.7 2.9 3.0 3·3 3.5 3·7 4.1 4.4 4.5 4.5 
B (Solid piece) 4.019 2.8 2.9 (1) 3.2 3.6 3·9 4.1 4.5 4.5 4.4 
C (Solid piece) 3.145 3.0 3.1 3.2 3.5 3.8 3·9 4.3 4.5 4.6 4.5 
D (Solid piece) 2.176 3.0 3.1 3.1 3·3 3·9 4.5 4.5 4.4 4.6 4.6 
E (Solid piece) 1.003 3·2 3.2 3·3 3·5 3·9 4.3 4.5 4.4 4.5 (3) 
-10 I 20 (Dust) 1.000 3·9 4.0 4.3 4.3 (1) ~ ·4·5 4.5 (3) 
•20 I 60 (Dust) 1.000' 3·9 4.2 (2) 4.3 4.5 4.5 (3) 
· -60 f 200 (Dust) 1.000 3·9 4.2 4.5 4.5 4.5 (3) 
-200 {Dust) 1.000 4.0 4.4 4.4 4.4 4.4 4.4 (3) 
: 
Original ma~er1al contained 2.55 per cent moisture (by weight). 
(1) Sample results lost~ 
(2) Sample destroyed. 
(3) Stopped weighings. 25. 
APPENDIX D 
TEST TO DETERMINE TIME INFLUENCE 
OF INCREASED MOISTURE CONTENT 
Breaking Load at Beginning of Tests 25.6 
After 120 Days' Storage: 
Calcium Chloride Dried Material • 77.1 psi. 
Water Cured Material : -13.3 psi. 
Cal.cium Chloride Dried Material 
A£ter reversal of storage curing condition, this material 
had increased to a strength of 77.1 psi. breaking load. 
No. Samples Age in Days Breaking Load Psi 
10 10 19.1 
10 20 39·8 
10 30 51.9 
10 40 64.5 
10 so 15·5* 
10 60 78.5 
10 70 74.3 
10 82 15.8 
10 90 76.7 
ater C!:!£gi& JSt g[ial. 
After reversal of storage c.uring condition, this tnaterial 
decreased to a strength of 13.3 psi breaking load. 
No. Saznples Age in Daxs Break;ng Load Psi 
10 10 31·9 
10 20 13~5 
10 30 13.2 
10 40 13·9 
10 50 13.2 
10 6o 13.5 
10 70 12.9 
10 82 13 •. , 
10 90 13.1 
* Points ot approximate return to strength. 
26. 
APPENDIX E 
FORCE DIAGRAM AND FORMULAE FOR TEST CONDITIONS 
Unit Pressure = p 
Total Pressure : P 
Since beam has overhang on support, the ends are assumed 
to be restricted& 
then; 
2 pl 
Equivalent tabular load = 3 or 
~ 
R - V (shear) -
- -
Reactions = 2 
v = p a-- X~ X 
~ ~ 






12 where L--__ _,1 d x-section of beam 
bd2 
I/c - T 
-
b2/12 : r2 Deflection : (use to calculate E) 
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